Abstract-The fungal degradation of toxic alkaloids, papaverine and harmaline, which present in some wild grass, were firstly investigated by using the lignin-degrading basidiomycete Phanerochaete chrysosporium. The fungi could quickly degrade the papaverine and harmaline, especially in the case of P. chrysosporium in Mn-including medium. The nutrient nitrogen concentration had a great effect on the degradation rate of substrates. The papaverine was degraded more effectively under low concentration of nitrogen (LN) condition. But the harmaline could be greatly degraded under both low and high nitrogen concentration. These results strongly suggest that the lignindegrading basidiomycete Phanerochaete chrysosporium have great potential in degradation of toxic alkaloids of wild grass.
INTRODUCTION
In many countries, there are many kinds of poisonous wild grasses growing large amount on desert. Many cattle, sheep and other animals will get toxicosis and die after eating them [1] [2] . Every year it causes significant economic losses to the farmers [3] . The toxic animal is caused by the alkaloids including β-carboline alkaloids, pyrrolizidine alkaloids, quinine alkaloids, steroid alkaloids which are secondary metabolites from these grasses [4] [5] . Among these toxic alkaloids of wild grass, the harmaline and papaverine are important sorts with higher toxicity [6] [7] [8] .
The harmaline, a kind of β-carboline alkaloids, which was found in several bushy shrub with segmented leaves and white flowers. This compounds exhibit a variety of biochemical, psychopharmacological, and behavioral effects in animals and humans. It is also thought to have genotoxic, mutagenic, and cytoxic activities [9] . Its activation leads to a pattern of neurotoxicity and induces irreversible parkinsonism [10] . Many animals give birth to serious poisoning symptoms after they take grasses of including harmaline alkaloid. Papaverine is one of the minor benzylisoquinoline alkaloids and was found in opium poppy (Papaver somniferum). It is used to improve blood flow in patients with circulation problems, and it works by relaxing the blood vessels so that blood can flow more easily to the heart and through the body. But it is harmful to healthy animals. Both acute and chronic poisoning may result from taking papaverine [11] . The wood-rotting fungi, such as white rot and soft rot fungi, are the only organisms known to be capable of extensively degrading lignin [12] [13] . There has been a great interest in using these fungi for biotransformation or biodegradation wide variety of toxic compounds due to their chemical and catalytic features [14] . But the ability of the wood-rotting fungi to transform the toxic alkaloids is unknown. In this study the fungi conversion of papaverine and harmaline, were firstly investigated by using the basidiomycete Phanerochaete chrysosporium.
II. MATERIALS AND METHODS

Chemicals
papaverine and harmaline, was purchased from Wako Pure Chemicals. Their chemical structures are summarized in Scheme 1. Harmaline was re-crystallized and then purified using preparative HPLC before use. All other chemicals were reagent grade. Deionized water was obtained from a Milli Q System (Millipore). 
Culture conditions
Phanerochaete chrysosporium (ATCC 34541) was grown from a conidial inoculum at 37°C in stationary culture (10 ml medium) under air. The medium (pH 4.5) used in this study was as previously described with 1% glucose (high concentration of carbon source; HC) and either 1.2 (low concentration of nitrogen source; LN) or 12mM (high concentration of nitrogen source; HN) ammonium tartrate as the carbon and nitrogen sources, respectively [15] .
Enzyme reactions
Lignin peroxidase (LiP) and Manganese peroxidase (MnP) were prepared from the extracellular medium of an acetate-buffered agitated culture of P. chrysosporium (ATCC 34541) with non-Mn media and including-Mn media, respectively.
The LiP isozymes H2 and H8 were isolated from the filtrate of cultures using chromatography on DEAESepharose, Sephadex G-100, UF, and Mono Q FPLC. The RZ (A 408/280 ) value was about 5; Enzyme concentration was measured at 407.6 nm using an extinction coefficient of 133 mM -1 cm -1 [16] . The MnP isozymes H3 and H4 were isolated from the filtrate of cultures using chromatography on DEAESepharose, Sephadex G-100, UF, and Mono Q FPLC. The RZ (A 406/280 ) value was about 6; Enzyme concentration was measured at 406 nm using an extinction coefficient of 129mM -1 cm -1 [17] . For LiP reactions, the reaction mixtures (1 ml) consisted of the enzyme (5 µg), substrate (0.50 mM), veratryl alcohol (0.5 mM), and H 2 O 2 (0.1 mM) in 20 mM sodium succinate, pH 3.0. MnP reaction mixtures (1 ml) contained the enzyme (5 µg), substrate (0.50 mM), MnSO 4 (0.5 mM), and H 2 O 2 (0.1 mM) in 50 mM sodium malonate, pH 4.5. The enzyme reaction time was 15min. Reaction products were analyzed directly by HPLC after extraction with ethyl acetate (3ml×3) as described above.
The control experiment designed as follows: (1) the reaction mixture did not include substrate. (2) the LiP reaction mixture did not include veratryl alcohol. The reaction condition was same to non-control experiment.
Degradation reactions
After 5 days of incubation, the substrates (50 mM in methanol for harmaline or in water for papaverine) were added to the cultures to a final concentration of 0.5 mM, but the 0.25 mM substrates were used for the experiment of time course of the degradation of substrates. After additional incubation, the substrates and metabolic products were analyzed either by HPLC after homogenization in acetonitrile (the same amount of medium), centrifugation (1,5000 g), and filtration (0.45 µm). The control experiment designed as follows: (1) add 0.5 mM or 0.25 mM substrate in the sterile culture medium. (2) add azide into medium after the fungi was grown 5 days, and then add 0.5 mM or 0.25 mM substrate. The culture condition was same to the non-control experiment.
Instrumentation
HPLC analysis was carried out using a Shimadzu STR ODS-II column. A UV monitor was utilized at 254 nm for papaverine and 254nm or 370 nm for harmaline. Preparative HPLC was carried out using an Inertsil PREP-ODS column at a flow rate of 20 ml/min. Products were identified by a comparison of their retention times on HPLC.
III. RESULTS AND DISCUSSION
Enzyme reactions
The lignin peroxidase and manganese peroxidase degrade papaverine and harmaline are shown in table 1. Comparing the no-substrate, no-veratryl alcohol, and no-control enzyme reaction results, the substrates could be limitedly degraded by LiPH2 and LiPH8. After reaction, the remainder papaverine and harmaline in the reaction solution still kept higher concentration, 0.45 mM and 0.41 mM, respectively. But MnPH3 and MnPH4 hardly oxidized them. Mn-including medium and No-Mn medium were be used in this experiment. The ability of the P. chrysosporium degrading papaverine and harmaline are shown in fig. 1 & 2. P. chrysosporium was able to efficiently degrade the substrates when the fungus was cultured in Mn-including medium. While the substrates, either papaverine or harmaline, were only partly degrade when the fungi was cultured in NoMn medium. From above experimental results, it seem to be more effective degrading papaverine and harmaline by basidiomycetes than use pure lignin peroxidase or manganese peroxidase. It could be suggested there are key enzymes related to these alkaloid degradation besides the lignin peroxidase among the enzymatic systems secreted by P. chrysosporium.
Time course of the degradation of papaverine
Samples taken from one culture over time were analyzed with HPLC to confirm disappearance of the papaverine. Fig. 3 shows results from the control and non-control experiment. In the control experiment, both only papaverine and addition azide cultures, the papaverine concentration remained relatively constant throughout the 6 days. But papaverine was quickly degraded by P. chrysosporium cultured in Mnincluding medium with low concentration of nitrogen. After 24h, the concentration of papaverine reduced to 0.158 mM, and disappeared completely in 4 days.
Time courses of the degradation of harmaline
As shown in fig. 4 , harmaline was also quickly degraded by P. chrysosporium cultured in Mn-including medium with low concentration of nitrogen. After 24h, the concentration of harmaline reduced to 0.154 mM, and disappeared completely in 3 days. The concentration of substrate in control cultures remained relatively constant throughout the 5 days. The effect of nitrogen concentration on the degradation of harmaline by culture of P. chrysosporium is shown in fig. 5 . Figure 6 . Effects of nitrogen concentration on the papaverine disappearance cultured with P.chrysosporium IV. CONCLUSIONS • P. chrysosporium was able to efficiently degrade papaverine and harmaline when the fungus was cultured in Mn-including medium.
• It was more effective degrading papaverine and harmaline by basidiomycetes than use pure lignin peroxidase or manganese peroxidase.
• The nutrient nitrogen concentration had a great effect on the degradation rate. The papaverine was degraded more effectively under low concentration of nitrogen (LN) condition. But the harmaline could be greatly degraded under both low and high nitrogen concentration.
• The lignin-degrading basidiomycete Phanerochaete chrysosporium have great potential in degradation of toxic alkaloids of wild grass.
